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INTRODUCTION 


Spontaneous firing of coal during storage end even during shipment 
ras long been a serious vroblem, esrecially in some regions and with 
some coels, and methods for preventin=s such firing have been investi- 
seted at intervals for more than 70 years. Spontaneous or other firing 
of coal waste, either outside or inside mines, has also been a problem 
vrobably for es long as mining has been vracticed extensively, Much 
trouble has been caused by such fires, and much money has been spent in 
ettempts to extinguish them. It is known generally that surface waste 
tanks in bituminous~coal fields are very likely to take fire sooner or 
later, but it is not know so generally that anthracite refuse—bank fires 
elso are common and that at least some of them are more serious in their. 
effect and results than being regarded merely as a nuisance. These sur- 
face refuse fires probably would have attracted much nore than local 
attention lone ago had it not been that they usuelly cause no more serious 
trouble than air pollution. 


A few suvcosedly effective methods of preventing or extinguishing 
spontaneous fires have been reported rather recently. Unless one or more 
of these prove to be widely applicable, methods of solving these prob- 
lens are no more certain today than they have been for many years. 


The well-known methods for preventing snontaneous firing of coal 
are underwater storage, maintenance of storage niles at a maximim height, 
selow which the heat generated by oxidation can be dissipated, sizing and 
eitrer packine the piles to cut off air or keeping them loose and well- 
ventilated by cribbing or other means, and close observation to detect 
etnormal heeting under the three last-nemed methods. To these may be 
added the effective but less practicable measure of separating and burning, 
under controlled conditions, the combustible material in the waste. 


“he Bureau of Mines will welcome revrinting of this paper provided. 
the following footnote acknowledgment is used: "Reprinted from 
Bureau of Mines Information Circuler 7104 ." 

é/ Chemical engineer, Snfety Division, Bureau of Mines, Pittsburgh, Pa. 
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Quenching with water or smothering with incombustible material often 
has been effective in extinguishing reletively small fires in stored 
coal, but usually it is advisable, if not necessary, to dig out the hot 
or burning coxl. The same methods may be effective with waste-pile 
fires, but ere less likely to be employed, as the lower value of the 
waste does not justify the costs incident to the greater areas and vol- 
umes involved and the wesence of more difficult physical handicaps. 


Date are not available on the total losses caused by burning bank 
fires or on the cost when it has been necessery to extinszuish then. 
These losses end costs, however, nov mist cesregate soveral million 
dollers, to which many millions of dollers certcinly vill be added in 
the future unless more effective end less costly methods of handling 
these troublesome fires are discovered. Evidently, further studies to 
this end ere well-justificd, if not demanded; the Federal Bureau of Mines 
is meking studies on this subject in end sround all kinds of mines that 
have or ere suspected of going to heve fires in waste piles. 


With this thought in mind, officials of the Philadelphia & Reeding 
Conl & Iron On. have permitted nublicetion of certein experiences in 
connection with the recent. extinguishing of an extensive waste-bank fire 
at the St. Nicholas colliery in thé Western Middle anthracite field near 
Mahanoy City, Pn. 


ACKNOWLEDGMENTS 


. Thanks are due H. F. McCullough, engineerine manager, and H, lL. 
Bailey, mining engineer, Philedelphia & Reading Corl & Iron Cn., 
Pottsville, Pa., for the opportunity to obtein oe information pre— 
sented in this pacer. 


All data were obtained from the officiel report or in conference 
and correspondence with Joseph Petusky, an engineer in the Mahanoy City 
division of the Philadelvhia & Reading Co., who acted as general fore- 
man during the entire work. 


Petrographic identification of the crystalline material found dur- 
ing excavation near churn-drill holes was made by W. H. Foster of the 
Gas and Dust Section) Pittsburgh Experiment Station, under direction of 
H. H. Schrenk, 


HISTORY OF THE ST. NICHOLAS REFUSE-BANK FIRE 


The first evidence of fire in the St. Nicholas waste pile was noted 
on November 13, 1947, when carbon monoxide was found in No. 1 rock hole 
to the Holmes vein off No. 15 tumel, No. 7 plane level, at Maple Hill 
colliery. The following day, November 14, a surface inspection was made 
of the region overlying the underground workings affected. Fire could 
not be seen, although smoke and heat were found on the north slope of the 
St. Nicholas bank near the junction with the Meple Hill bank, and steam 
was observed coming from the top of the St. Nicholas bank and along the 
slope directly south of the place where smoke was observed. Three days 
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later, November 17, fire broke out on the surface of the St. Nicholas bank 
chere smoke had been seen previously. Figure 1 is a view of thts Arca look- 
ing west, showing the fire, the south slope of the Maple Hill bank, and 

also the difference in size of waste material in the two banks, to which 
reference is made later. Figure 5 is a plan of the original waste piles, 
fire, smoke, and excavated areas, water lines, and test holes. 


On November 14, after the smoke end steam ereas had been noted, 
test pipes were inserted in both areas. Air anelyses from two of these 
vives (No. 6 in the east end of the smoke area et a depth of 5 feet and 
Yo. 7 at the south (high) edge of the steam area at a depth of 9 feet) 
zave the following results. 


TABLE 1, — Air analyses from test pives 


No. 6 pipe, | No. 7 pine, 
percent | nercent 
Oxygen, O0o---------------- ~ {0 | 1.0 
Cerboa dioxide, C00,-------- 10.55 20.3 
Carbon monoxide, 06 eee 2.15 1,05 
Methane, (Cp) scsssautesi oes 23 1.01 
Nitroren (by difference) --- 9 4 6.64 


After these observations it was decided, on November 17, 1937, to 
sight the fire by excavating and trucking the burning meterial to an 
erea east of the fire, where it could be isolated from other banks or 
conl outcrops and cooled by spreying with weter pumped from a nearby 
creek, While getting equinment to the site and installing pumping 
facilities it also was decided to attempt other control measures. 


Churn-drill holes were made to determine the extent of the fire. 
Tnese holes are shown in figure 5. After the holes had served their 
ruarpose they were flooded with a suspension of 1 bag (80 pounds) of 
rock cust in about 10 gallons of water and abandoned. A wooden platform 
end short chute with a hole to fit over the drill—hole casing were used; 
tne Dag of rock dust was opened and the contents washed down the hole. 
sy rrevious trials it was found that this procedure gave the proportions 
stated. Table 2 shows the depth of these holes and the quantity of rock 
tist rut into each. During excavations leter it vas observed that the 
tock cust hed nenetrated radially into the surrounding meterial for a 
a.stance of 6 to 8 feet. 


An interesting feature noted at the time the rock-dust solution 
ves annlied through the churn-irill holes was the presence of a faint 
aionia odor in the vicinity of the holes. The ammonia probably was 
litereted by the chemical action of free lime on ammoniacal compounds, 
‘ne free lime being formed by the action of heat on the limestone rock 
tst arnlied, vhile the emaoniacal compounds resulted from semidistil~ 
intion of carbonaceous matter in the refuse bank. 
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TABLE 2.~ Quantity of limestone rock dust 


put_into churn-drill holes . 


(Mixed with water to form solution of l 
beg limestone dust to 10 gallons water) 


Quantity of 
rock dust, 
bags 


Hole No. 


ee ee 


a eae eee on ec nae 


The churn-drill holes were started on November 19, and tempera- 
ture readings were taken at the various devths as the drilling pro-~ 
gressed, It was necessnry to case all holes to full depth. Those not 
exceeding 120 feet in depth were cased with 10-inch pipe, but £t was nec- 
essary in deener holes to use 8-inch-diameter liner pipe as en inner . 
Casing to prevent buckling, ond this wes the procedure on all holes ex~ 
ceeding 120 feet in depth. The cenths, temperstures, and dates of re- 
cording are shown in table 3. =e 


Holes 1, 2, 3, 4, and 5 were drilled on top of the St. Nicholas 
refuse benk to determine the limit of the fire southwarde Fire was found 
in hole 3 at a depth of 158 feet, and it wes ebandoned owing to the pre- 
sence of cerbon monoxide (CO) in the hot vepor coming therefrom. The 
hole was later filled with rock-dust solution and the casing pulled out. 
It will be noted that the temverature in holes 1, 3, 4, and § increased 
with the depth of the hole, while the temnerature in hole e reached a 
maximum et half the final denth. This indicated that hole 2 was beyond 
the south limit of the fire end that the fire wes situcted near the botton 
of the bank, The high temperature et the half-way point in hole 2 probd- 
ably was due to the heat from the fire, which followed vents or layers of 
coarser material segregated at the time the refuse material was dumped on 
the bank, 
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TABLE 3,.- Temperatures in churn-drill holes 


| Temp= 
Depth erature 
of hole,| in hole, 

Hole No, Date ii Remarks 
11-20-37 lef Bottom of hole approximate-~ 
11-21-37 119 ly 20 feet above natursl 

; 11-22537 136 surface. Casing buckled in 
11-23-37 174 hole. 160 feet of 10-inch 
1124.37 189 casing in hole, 
11-23~37 145 Hole drilled at locrtion of 
Lis2t37 140 No. 7 test pipe. Tempnera~ 
11-2437 158 ture in test pive 187° F. 

2 11-25~37 164 | Hole completza to clay at 
1i—825—37 180 200 fect. 
11~26-37 143 
11-26-37 140 
11~27-37 130 
11-24-37 144 Moved off of hole at 158 
11-24.37 108 feet; 0.2 percent CO in hot 

3 11-25-37 125 vapor and fumes discharging 
11-25-37 154 from hole, 
11+-26.37 209 
11-26-37 700 
11~27-37 14 Hole completed to clay at 
11-27-37 13 187 feet. 

y 11.29.37 150 
11.30.37 hee 
1e-1-37 170 
11-27-37 ha Hole completed to clay at 

5 11 =28..37 124 184 feet. 

21-2937 142 
11-30-37 175 
7494 “Bw 
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TABLE 3,.- Temneratures in churn-drill holes—Contd, 
Temp~ — 


Depth ernture 
of hole, in hole, 


Hole No. Date feet EF, Remarks 
12~18~37 LG 50 Completed to clay at 165 
6 12-19-37 199 51 feet. 
12~20~37 165 62 
12-21-37 105 : F 
12-20-37 39 , 73 Completed to clay at 175 
7 12-21—37 130 C2 feet. 
| 12-22-37 175 58 
S le 2=385 5 50 Completed to clay at 76 
l= 3-33 76 28 feet. | 
9g le 4-38 52 LO Completed to clay at &1 
1. 4.33 Ze 46 feet. 
10 1- 438 52 ho Commleted to clay at 76 
le 5-33 76 Lg feet. 
11 1. 6-38 yo Re Moved off due to slide. 
le 1-13-35 | 35 Oo Comvleted to clay at 35 
| | feet. 
13 1-14-38 36 62 -1 Completed to clay at 36 
feet. 
14 1-14.38 NS 76 (| Opening 35 feet to 45 feet. 
15 | 1415-32 mn 60 Comnleted to clay 7+ 44 
16 1~16~38 38 58 | Completed to clay at 38 
feet. 
17 1-16-35 38 60 Completed to clay at 38 
feet. 
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Holes 6 and 7 were drilled west of the fire srea at the junction 
of the Maple Hill and St. Nicholas refuse bonks.: High temneratures were 
net noted in these holes, indicating thet tne fire had not renetrated to 
is point. 


Holes 8, 9, 10, and 11 were drilled east of the fire area. It was 
the intention to continue drilling additional holes farther south at 
‘cis point and flood the holes with rock-dust solution to form a barrier 
at the east ends; nowever, the vrojcct was abandoned because of bank 
slides in the vicinity. High temneratures were not noted in these holes. 


Holes 12, 13, 14, 15, 16, and 17 were drilled on the Maple Hill 
refuse bank at the level of the truck rord to form a rock-dust barrier 
at the section of the truck road connecting the fire eren to the Maple 
cill refuse bank. When the drilling was completed the holes were flooded 
ritn rock—dust solution. Abnormel temperatures were not noted in these 
rOLES, 


Tne method of epplying limestone rock-dust solution through holes 
nade in the bank has been used successfully to control refuse~bank fires 
et other locations. Owing to difficult drilling conditions on the 
St. Nicholes refuse bank, this method of emlication of rock dust was 
Ligited to locetions there the churn drilling would not interfere with 
se excavetion of the fire and the completed test holes could be flooded 
rith rock-dust solution. 


On November 21, while churn drilling was in progress, an attempt 
res made to smother the fire by rock-dusting the surrece. The rock dust 
mas spread by chutes extending from the top of the bank dom to the fire 
fréaw ~The chutes were moved lntereally along the benk until the surface 
m8 covered: es desired. A total of 700 tons of rock dust wes used to 
ccver an srea of 7,500 square feet to a depth of 2 to 3 feet. The nroce- 
sure appeared to be ineffective rs 2 firce-control mersure. 


EXCAVATION AND TRANSPORTATION 


Following the decision on November 17 to excevete the burning 
caferlal, it wes necessary to construct a truck reed to the vicinity of 
“he fire, This was no small job, as it required construction of ebout 
1,200 feet of road along the slope of the %ld Manle Hili refuse bank. 

Ir 800 feet the rned had an ascending grede of 6 percent to the junction 
of the Meple Hill and St. Nicholes banks and a descending grade of 
énercent to the fire rrea to keen the depth of excevatien in that srea 
within the limits of the smell draglines used later, 


It was necessary tn instrll weter lines and pumps t. quench the 
tuning material. The nearest source of water availeble in sufficient 
gurtity for the nurvose wes Weste House Run. A 1,000-¢.p.m. electric 
centrifugal purp ras installed to overnte under 275-foot heed and later 
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n second, similar pump was installed at the same site for emergency 

use. In all, about 1,000 feet of 8-inch, 300 feet of 7-inch, and 4,000 
feet of N-inch weter pines were installed. These instelletions are show 
on figure 5. 


During construction of the truck road, severrl operators on the 
excevating equipment were overcome by fumes from the fire, and it was 
decided to install forced ventilation. Accordingly, two centrifugal 
blower fans were pleced in fresh air on the Maple Hill refuse bank and 
delivered sir through a 20-inch Ventube to the excrvating equipment and 
trucks in the pit. As ‘the area of the pit increased during excavation, 
natural ventilation increased and the artificiel ventilation system was 
unnecessary after about 3 months of work (February 1938).- 


The general plan for extinguishing the fire wes to isolete the 
burning material, load it on trucks, and quench at a selected site east 
of the fire. In somewhat more detail, the plan was first to isolate the 
Maple Hill bank by excavating with small dragline shovels a trench to 
natural surface between the two banks to prevent spread of the fire into 
that bank; then, as much as nossible of the material overlying the fire 
in the St. Nicholas bank was to be removed by a large dragline shovel 
and cast back on top of the refuse piles; and finally, the remaining 
Material, including that actually on fire, was to be enero tee by 
trucks as first mentioned. 


A contractor having the necessary equivment wes engaged for this 
work. The equipment consisted of a model 10-W Monighan dragline, a 
3~W Monighan dragline, a 55-B dragline, two 52-B draglines, and a 43-5 
shovel. All of this equipment was Diesel-powered except the gasoline— 
driven 43-B shovel. The transportation equipment consisted of 20 
gasoline-driven Mack dump trucks of 9-cubic-yard capacity. A general 
view of this equipment in operation is shown in figure e, beginning 
at upper left with the boom of the 10-W dragline with the 43~B shovel 
at the extreme right, ond two dump trucks in the center foreground. 
The 43-~B shovel end one 52~W dragline were used in ponspeuert ae the 
truck road. 


After the trench had been excavated along the Maple Hill bank, 
similar trenches were excevated roughly at right angles southwerd along 
the east and rest limits of the fire, and finelly isoletion was con~ 
pleted by trenching along the south linit of the fire. Thus, an island 
of burning material was left remaining in the pit except for the main 
truck road, a necessary connecting link. However, this part of the road 
wes a clay fill, so thet the fire remrined completely isolated to the 
end of the work. | 


The fire wes completely isolxnted from the edjoining banks on 
April 25, 1938, and from this time on it wes e matter of excavating the 
burning material and hauling it to the dump area, where it wes cooled 
with water. While excavating the burning metericl neor the center of 
the fire area, the top of 7 6— by 6—foot sh-ft to the crop of the Little 
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Sines coal bed wes uncovered, As the earth was disturbed here and 

ite worm from the overlying fire, it wes decided to determine whether 

2 little Primrose bed hed ignited by excaveting the Clery to the botton 
esr anee (a distance of 20 feet) where 2 manwey wes found. Explora- 

cin dewn the pitch for some distance showed no trace of fire or henting, 
s) the sheft ovening was covered with torrds and clay end rbandoned. 


Considerable difficulty was experienced in exceveting the northern 
vortion or the islend, where the. coerser rock of the Maple Fill bank was 
fssrd to form a massive clinker thet extended fiom the exst to the west 
ainits of tne fire. This clinxcer hed to be drilled rnd shot, which was 
rccenpldshed by first cooling with water the area to be are iiéd.. Even 
‘cen it vas imvossible to drill holes deeper then 41/2 feet, es heat 
of tre clintcer below this depth caused flattening of the drill bit. Holes 

sire 3 inches in diameter, stnced 6 feet avart. The charge for erch hole 
onselsted of two 2- by le-inch sticks of 4O-—percent dynomite vrapped in 
c.eet esdest*s. Figure 3 shows worticrs drilling in this ciincr. 


Excevrtion of the butning material was completed Mey £3, 1938. It 
isestimstes that e total of 1,685,%00 cubic yords of m:terial was moved, 
“2 which 785,90 cubile yords wos moved by the 10-W Monighan drreline 
located on ton of the St. Nicholas benk and 898,900 cubic yerds wes 
=wed ty the smeller machines. Of the totel quentity of material handled 
ty the smeller machines, 798,900 cubic yards was loaded into trucks end 
cziled to the disnosal nrea. 


DISPOSITION OF BURNING MATERIAL 


The burning material fron the fire was taken to locatisns showm 
in fizure 5 rs East dump and West dump. These dumps ere situated on 
nivural surfece between the outcrops of the Primrose end Orchard conl 
tzisy The unburned (cold) material was disposed of’en a third or © 


Tt dunp situated along the slope of the St. Nicholas bank and 500 
rset east of the fire area. | | 


The burning materiol wes dumped in individual piles until the 
“ID erea wes envered, then the whole area was exrled with streans of 
rater fren a number of hose lines. After the piles hed cooled sufficiently 
iy vere Toveled vith a bulldocer and another layer of hot material was 
ziced after dus precautions hed been taken to make certain that the 
cteviovs layer was completely cooled. Figure 4 shows the procedure of 
turing and conline on the east and west dumos. Trucks were run over 
iTevinusly leveled surfaces. 


GENERAL H2ALTH AND SAFSTY DURING WORK 


Althouch 87 persons engaged in the work suffered seme sort of 
inary, the health and accident record ig remarkably faverable when it 
23 e“rcidered that during a totel of more than 23,000 mankdays in hazardous 
rk (for much of the time in winter), no fatalities occurred and the in- 
s2ies were mostly of ea minor neture. 
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A more detailed anelysis of the data shows that 55 of the 87 injuries 
required no lost time. Classified as to cause, 19 accidents were due to 
falls end 7 to falling objects, 22 were caused by foreign objects in the 
eye, and 3 each to smoke or fumes and to workins: under abnormally dusty 
conditions. Ninetven injuries, exclusive of falls from trucks, were sus— 
tained in operation or repairs to trucks, and falls from trucks caused 


10 of the 19 eccidents from falls; 2O of the 32 lost—time accidents were 


from these causese 
trucks. 
enumerate. 


TARLE U.~ Nature end cance of injurics 


and Gays lot 


Thirty of the 87 injurics were due to operation of 
Fourteen accidents were due to miscellrenecus ceuses too varied to 
Tho most serious injuries are listed in table 4: 


Nature of injury _ | Cause s_los 
i (eae 
Burns of eveSecesccvcces Alcohol blew out of alr tamzecces o4 
Bruises and ¢eprains Coat cruzht on drive shaft of 
Of ontirea dody.cecooce truck, pulling man into 
,, MACHINETY.ccsccvveccccccscscsese 28 
Fractured elbow....seee. | Fell from shovel crtwalk...seccce 43 
Squeezed Chest...e. cece Couzvht betweon drill and casing.. U3 
Strained end bruiscd Motor stalled and truck ren back 
DAC osaiaiw 6 bin os 06 0ei0% into shovel in Pl te recvscceccccece 9-1/2 
Bruised side and head... | Fell from truck. ccccccccecccccce (3 
Streined Neckiieasseuwse. | HELL Prom: trucks sues eweisese ices 9 
Bruised back. cséisvcsessser Fell from trucKececceerscavaseverve 17 
Strained foot..ccc-ecrces Jumped from truckKeccccescscnrscoece 15 
Fractured armsseecesecee | Motor baclx-fired; cranking trucke 83 
Leg badly crusnede.-o-ee Caught between runaway truck and 183 to 


another standingecceovcesevcccesce 11/17/38 


It will be noted that trucks were involved in 6 of the 11 most serious 
accidents. ! 


Berly in the vork the smoke, fumes, end dust seemed to have a def= 
inite psychological effect. Two men operating shovels were overcome 
by fumes, and shortly thereafter ea numoer of other versons claimed ill 
effects of varied natures dre to the same causee All such cases received 
medical examination promptly; with a few exceptions, the symptons com- 
plained of had nothing to do with the allo-ed source of trouble. This 
situation was improved speedily and later eliminated by providing gas 
masks for shovel operators end dust resnirators for others; and providing 
the general foreman with a cerbon monoxide detector, which he used fre~ 
quently in the presence of other omployees with repeated assurance that 
no dangerous atmospheres existed. His almost constant presence at sus- 
pected points of danger is believed to have alleayved most of the fear ex- 
perienced early. That uncomfortable, ir not dengerous, conditions existed 
at times, particularly on calm, cloudy dsys ‘Then smoke and fumes hung in 
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ta2 pit, was not denicd, and all persons required to operate machinery 
in the worst places were urged to seek relief in fresh air as frequently 
rs necesserye Gas masks seldom were used after short trials, althovgh 


toy slack: were readily available because the men prefecrrea the discom= 
fort vitnout respiratory protection to that experienced in wearing masks. 


sorced ventiletion was provided during the ecéerly and worst stazes 
of the work, and a well-eculipped first-aid station was maintained on the 


grounds 


COST ANALYSIS AND MAN-HOURS OF WORK 


As the principal aim of this paper is to emphasize the cost of ex- 
tirguishing this and similar fires, detailed data on cost and employment 


ee included. 
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TABLE 5.- 


Description of work 
Removing track and mis- 

cellaneous initial pre- 

parationsescccscsss Tee eee 


Beets By i Uns cces cas ctckdetrtaakinat anaes 


Building road to fire.iicvecs 


BOB COTE Scena a ere 


Rock-dusting fire area....e. 


BiG Te hw oti hatin 


Churn drilling and appli- 
cation of rock-dust 
SG TUGLONs badete chewed bas +x 


Sa tO til cama niaimnicrcne 


Ventilation and lighting.... 
Subtotal---~----------- 
Excavation, casting with 


pLOE @iohy.! gi b.,. errs ° 
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Employees at St. Nicholas 


refuse-bank fire job 


Number 
of 
emmlovees 


Le 


e, 


Original from 
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‘ Man- 
x7 days 
Occu ation worked 
LADOreLSe veces Fe PORE {20 
PPOCHHON 64 ites 60a ene 189 
TlectFicianiicaeseses 60 
960 
Small shovel 
ONOTEtG TEx see isee 108 
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6) 
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TABLE 5.— Employees at St. Nicholas refuse- 
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BD Oil house attendant .. 

' Subtotal------—-—- = 1+ 
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Mechanicsee-cecsevs-rec 
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Blacksmith. helperercese 
MinePeevereccesses-sece 


Oil houses attendants, 
Subtotal 
trucking burning material 
to snoll areadsecccccecvece 
Subtotal-—-------—- | 60 | 
ruzping water end spoil Pipe fitterse.cceccore 
bank operationscececcecce Fire hose attendentsee 
DwipMeneercececsecercere 
Bulldozer oper2torseee 
Pump attendantsececese 
LAvorerSeece-ercor eee 
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Master mechaniCececece 
Safety inspectrorsdes 
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In addition to informstion elready given, the following general ob- 
sorvations are of interest: 


During excavation of the fire, it was noted that the Maple Hill 
refuse material at and near the middle of the fire had fused solidly, 
vile that of the St. Nicholas bank had burned to ashes, which were 
easily excavated with the draglines. The Maple Hill material is com. 
rosei of cleaner plant rock more than 8 inches in diameter, while the 
St. nicholas bank is brea‘rer refuse less than 8 inches in diameter and 
containing a much higher percentage of combustidle. It is probable 
trat the heat of the St. Nicholas bank caused the Maple Hill bank to 
2 iS@e 


To shoot this fused material, it was found advisable to load and 
ire not more than three holes at a time, and certridzes were prepared 
eparetely and placed in the holes at a given signal by three men in 
urisone However, before the holes could be loaded even in this manner, 
a stream of water was directed into each hole until boiling and steaming 
aud ceased, after which the previously prepared cartridges were placede 
In a few cases of misfires, the dynamite dctonstcd in 5 to 15 minutes 
trom the reheating of the materinl sftor the holes ned been water-cooled. 


+ 
Pe 
3 


An intcresting feature was the method by wnich the fire advanced in 
tre St. Nicholas bank. It was notod that the fire procecded in small 
fingsrlike areas following vents or concentrations of coarser materiale 
as is common on all high denks, most of the coerser moterial is concentrated 
at the bottom of the bank or at the junction of two banks or sections of 
‘se seme bank. <As in this instance, concentrations of coarser material 
usually are found in lines parellel to the slone of the bank. Thus, a 
grave and multiple chimney effect is produced by which sir is drewn through 
tne fire area makin; it difficult or even imrossivle to control by blanket- 
ing with limestone dust, eorth, eand, clay, or other similar material. In 
-izsing out such fires, the fingerlike spread mey allow the drilling of 
cxploratory holes to indicate the actual limits of the fire. 


It appears that if a barrier to the extension of a fire in waste 
danes of similar material is to be made by introducing a suspension of 
rock dust in water, the drill holes should not be more then 10 to le feet 
acart, as the spread of the rock dust here did not exceed 6 to 8 feet 
tadially from the holese The distance would vary, of course, with the 
~2tire of the refuse, temperatures due to the fire, and nossidly other 
conditions. 


While excavating the burning material in the vicinity of churn drill 
les 1, 3, and 4, it wes found that the rock dust, which had been applied 
‘crough the churn-drill holes as solution, was deposited only on the outer 
lizits of the fire. It is probable that when the rock-dust solution came 
*1 contact with the hot material it was converted to steam and carried 
tre rock dust with it until the steem was condensed at the outer limit of 
‘ce fire and the rock dust was deposited in a chalklike mass, filling the 
voids within the bank material and cementing the material togethere In 
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the vicinity of hole 3, wherein temperetures above 700° F. were recorded, 
pinkish crystals were noted and later identified as a double salt of 
amnonium—magnesium sulfatee While these appeared to be at or near the 
limit of renetrrtion of the rock dust from the drill hole and were formed 
in the cavities between rarticles of bank material, it is not clear whether 
they were formed directly from the original rock dust by a selective reacti 
between coal distillxtion products and magnesium that may have been in the 
rock dust or whether they were deposited from previous solution of other 
materials. 


CONCLUSIONS 


Frequent inspections of surface waste piles and recording of sub- 
surface temperatures with analyses of the gsses occurring a few feet be 
neath the surface ere of value in preventing firing and certainly in dis- 
covering a fire or tendency to fire in the incipient stnges. These data 
can and should be obtained by drilling holes a few feet in depth wherever 
evidence of heating is noted, as for example the presence of steam or 
smoke or the melting of snow in the winter. If such procedures are not 
feasible for all mining compenies, at least cooperative interpretation 
of results and observations is desirable. 


The difficulties, time, labor, and costs involved in extinguishing 
waste-bank fires are evident in the present instance, but even if they 
are greater than has been recorded previously, they are strong support 
for the contention that experimental and research work may well be directe 
toward development of cheaper and better methods for extinguishing such 
fires. As a corollary to this statement, more Care should be exercised 
to prevent firing of waste piles, but the practical fact that they do 
fire is justification enough for the previous statement. 
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